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The G-400 analyzer is a discrete, selective multichannel analysis system designed for determining enzyme activities and concentrations of substrates and electrolytes. We evaluated the performance of the analyzer for 16 different analytes, and compared the results with those obtained with other equipment in our routine laboratory.
Materials and Methods instrumentation
We compared the Greiner G-400 analyzer (Greiner Instruments AG, 4900 Langenthal, Switzerland)
with the former Greiner Selective Analyzer, the GSA II (1). The newly developed analyzer differs in many respects:
The capacity varies from 150 to 300 tests per hour, depending on the use of a sample blank or a reagent blank, respectively.
Only one sample dispenser is used for sample volumes between 5 and 100 1L. The process tubes are reusable after washing, but must be replaced after 10000 tests. Handling ofthe 30 reagent dispensers is simple. Their dead volume can be minimized to 5 mL. The G-400 is equipped with a double-beam filter photometer (eight wavelengths). 
Control Materials and Specimens
We used the following control sera: "Moni-trol II" (lot 65), The absorbanceis monitoredat 1-s intervals, duflng t 10-s periods,after a preincubatlonof 13 mm norm" (lot 147) from Nyegaard Co., A/S Oslo, Norway. We also pooled heparinized plasma obtained from ostensibly healthy subjects and stored it in 10-mL portions at -20 #{176}C. These samples were thawed at 4#{176}C before testing. Two different pools (A and B) were used, one for within-run, the other for between-run precision studies. For the correlation study we investigated plasma from patients with low, normal, and high concentrations of the various analytes. Between assays, the samples were kept covered and at 4#{176}C, to minimize evaporation. Table 1 summarizes methods, reagents, and volumes used with the G-400. Similar methods were used also with the reference instruments, except for calcium (complexometric titration) and phosphate (malachite green).
Methods

Calibration
We established a calibration factor for each method. 
Calcium
Results
Photometer Performance
Accuracy was tested by use of three calibrated grey filters (absorbances: 0.1, 1.0, and 2.0; manufactured by Balzers and
Co., 9496 Balzers, Liechtenstein). These filters were controlled by the "Office federal de poids et mesure," 3001 Berne, Switzerland. The results were within the 5% tolerance limit of the stated values.
The linearity of the photometer was tested by use of a series of different absorbing solutions prepared in our laboratory. The absorbance varies linearly with concentration between 0 and 2A for all eight wavelengths ( Table 2 ). The CV was <0.4% over the whole range measured. We saw no significant absorbance difference between the two light beams.
Precision
Within-run precision was tested with a control serum and a pooled plasma on three different days (n = 20) as recommended by Haeckel (2). The highest and lowest CVs found during these three days were eliminated and the median CV is listed in Table 3 . Between-run precision (n = 30) was evaluated three to four times per day during 10 days.
The CV for within-run precision for electrolytes and substrates was <2%, and for enzymes <3%. The relatively hih CVs (6%) for ALT and AST are explained by their relatively low concentration in plasma.
Carryover
Sample dispenser:
The carryover (E) was studied according to Richterich et al. (3) with LDH and glucose. We analyzed a specimen with a low (L) and one with a high (H) concentration five times according to the following sequence: L1, L2, L3, L4, L5, H1, H2, H3, H., H5. E was calculated according to the formula:
for carryover from "high" to "low" E = for carryover from "low" to "high"
We observed no measurable carryover from the sample dispenser under these conditions ( Table 4) . mmol/L E(/), carryoverfrom"high"to "low";E(i'), carryover from "low" to "high".
LDH activity was only 200 U/L, which corresponds to 7 U/L in the LDH assay. In spite of the high activity of the auxiliary enzyme LDH in the ALT assay, we saw no interference in the determination of the LDH. This excludes carryover from transfer dispenser and cuvettes.
Drift
We checked drift by using the 10-day between-run precision data. For this purpose we selected seven methods: ALT, AST, CK, ALP, glucose, calcium, and creatinine.
Morning and evening control values were compared by Student's ttest. No statistically significant difference was seen at the 5% confidence level.
Linearity of Methods
We checked the linearity of the enzyme methods by mixing plasmas with abnormally high and low activities.
For electrolytes and substrates, aqueous standard solutions were added to pooled plasma. All measurements were done in duplicate (Table 5) .
Method Comparison
Approximately 100 plasma saniples from patients were analyzed in the Hitachi 705, Corning 940, GSA H, and G-400. Table 6 lists the range of the concentrations used and the results of the orthogonal regression.
The ratio sj was used to inter-compare the methods. The slopes (b) of the orthogonal regression range between 0.92 and 1.06, except for cholesterol (1.14) and phosphate (1.13). The deviation for phosphate can be explained on the basis of the use of two different methods; we cannot explain that for cholesterol.
Table 5. Range of Linearity of G-400 Methods
Test
Upper lImit Test 
Discussion
Our purpose was to see how the G-400 analyzer would perform under routine conditions. Both within-run and between-run precision was good. For the enzyme determinations, values for between-run precision were twice those for within-run precision. All CVs were within the recommended limits (4). The best results were obtained with clear control material ("Enza-trol").
Because no drift could be detected and the daily quality control was within the recommended limits, a recalibration of the G-400 was not necesary during the experimental period. This is in agreement with our experience and the observations of Richterich and co-workers Use of separate reagent dispensers and efficient cleaning of cuvettes and sample and transfer dispensers minimized carryover.
Daily start up requires 30 mm for cuvette calibration, reagent preparation, and zero setting, and an additional 30 mm for the daily quality control.
The 30 reagent dispensers need to be cleaned regularly, at intervals related to the stability of the reagents. This procedure is time consuming. We have seen no technical disturbances ascribable to the reagent dispensers since the analyzer was installed seven months ago. During the seven months, the technologists have found the adaptability and ease of handling of the G-400 to be very good. All in all, we have had the following malfunctions with two G-400 instruments during the seven months: transfer-dispenser preheater (three times), sample dispenser leak (once), vacuum pump exchange (once), and incubator water-temperature control (eight times). Time lost on account of the breakdowns never exceeded 2 h.
The user can prepare his own reagents and is not obliged to use those supplied by the manufacturer.
New methods can easily be adapted. The G-400 is not a "black box" system.
The flexibility of being a routine and stat analyzer makes the G-400 readily acceptable to the laboratory staff. This selective analyzer is ideal to provide results for individually ordered tests. We conclude that this analyzer is suitable for the clinical chemistry laboratory.
